1H magnetic resonance spectroscopy metabolites as biomarkers for cell cycle arrest and cell death in rat glioma cells.
Improved non-invasive imaging biomarkers of treatment response contribute to optimising cancer management and metabolites detected by proton magnetic resonance spectroscopy ((1)H MRS) show promise in this area. Understanding (1)H MRS changes occurring in cells during cell stress and cell death in vitro should aid the selection of pertinent biomarkers for clinical use. BT4C glioma cells in culture were exposed to either 50 μM cis-dichlorodiammineplatinum II (cisplatin) or starvation by culture in phosphate buffered saline. High resolution magic angle spinning (1)H MRS was performed on cells using a Varian 600 MHz nanoprobe and metabolites were quantified by a time domain fitting method. Cell viability was assessed by trypan blue, H&E, 4',6-diamino-2-phenylindole (DAPI), DNA laddering and annexin V-FITC labelled flow cytometry; propidium iodide flow cytometry was used to assess the cell cycle phase. With cisplatin exposure, cells initially accumulated in the G1 stage of the cell cycle with low numbers of apoptotic and necrotic cells and this was associated with decreases in phosphocholine, succinate, alanine, taurine, glycine and glutamate and increases in lactate and glycerophosphocholine (GPC). Starvation, leading to necrotic cell death within 6-18 h, caused decreases in succinate, alanine, glycine, and glutamate and increases in GPC. Principal component analysis revealed two patterns of metabolite changes, one common to both types of cell stress and another specific for necrosis secondary to cell starvation. (1)H MRS reveals alterations in multiple metabolites during cell cycle arrest and cell death which may provide early biomarker profiles of treatment efficacy in vivo.